Material and methods

Experimental data
To determine a quantitative structure-toxicity relationship, we studied a series of 77 selected aromatic aldehydes for their acute toxicity against the protozoan ciliate Tetrahymena pyriformis [4] . 66 molecules were selected to propose the quantitative model (training set) as well as 11 compounds that were not used in the training set were selected randomly served to test the performance of the proposed model (test set). The following table shows the studied compounds and the corresponding experimental toxicties pIC 50 (Table 1) . 2.2. Computational methods An attempt has been made to correlate the toxicity of these compounds with various physicochemical parameters. DFT (density functional theory) and ChemSketch program methods were used in this study. 3D structures of the molecules were generated using the Gauss View 3.0 and then, all of the calculations were performed using the Gaussian 03 W program series. Geometry optimization of the 77 compounds was carried out by a B3LYP function employing a 6-31G (d) basis set [5, 6] . The geometry of all of the species under investigation was determined by optimizing all of the geometrical variables without any symmetry constraints [7] .
Calculation of the molecular descriptors
From the results of the DFT calculations, then some related structural descriptors from the results of quantum computation were chosen: the highest occupied molecular orbital energy E HOMO (eV), the lowest unoccupied molecular orbital energy E LUMO (eV), the energy gap ΔE (eV), the dipole moment µ (Debye), the total energy E T (eV).
ChemSketch program [8] was employed to calculate the others molecular descriptors such as: the molar volume MV (cm 3 ), the molecular weight MW (g/mol) , the molar refractivity MR (cm 3 ), the parachor Pc (cm 3 ), the density D (g/cm 3 ), the refractive Index n, the surface tension γ (Dyne/cm) and the polarizability α (cm 3 ). To improve the estimate quality of toxicity of these compounds, molecular descriptor which reflect other specific interactions should be also included as octanol/water partition coefficient (log P).
Statistical analysis
To explain the structure-toxicity relationship, these 14 descriptors were calculated for the 77 molecules using the Gaussian 03W and ChemSketch program software. The study that we conducted consists of multiple linear regression (MLR) and non-linear regression (MNLR), which are available in the XLSTAT software [9] . The multiple linear regression statistical techniques used to study the relationship between one dependent variable and several independent variables. It is a mathematical technique that minimizes the differences between actual and predicted values. It has also served to select descriptors that are used as input parameters in multiple nonlinear regression (MNLR).The MLR and MNLR techniques was employed to model the structure-toxicity relationships. The equations were justified by the correlation coefficient (R), the Mean Squared Error (MSE), the Fisher F-statistic (F), and the significance level (p-value) [10] .
Results and discussion
3.1. Data set for analysis QSTR analysis was performed using the pIC 50 of 77 selected aromatic aldehydes to Tetrahymena pyriformis as reported in [4] , the values of the 14 chemical descriptors are shown in table 2. The obtained matrix provides information on the positive or negative correlation between descriptors. In general, the co-linearity (r>0.5) was observed between most of the variables, and between the variables and pIC 50 . Additionally, to decrease the redundancy presented in our data matrix, the descriptors that are highly correlated (R ≥ 0.9), were removed. cv is greater than 0.5 is the important criterion for qualifying a QSTR model as valid [12] . The correlation coefficients between descriptors in the descendant MLR model were calculated by variance inflation factor (VIF) as shown in table 4. The VIF was defined as 1/(1-R2), where R was the multiple correlation coefficients for one independent variable against all the other descriptors in the model. If VIF greater than 5, it mean that models were unstable and must be rejected, models with a VIF values between 1 and 5 can be accepted. As can be seen from 3.5. External validation To estimate the predictive power of developed models, we must use a set of compounds that have not been used for training set to establish the QSTR models. The established models in the computation procedure using the 66 aromatic aldehydes are used to predict the toxicity of the remaining 11 compounds. The comparison of the values of pIC 50 -test and pIC 50 -obs shows that a good prediction has been obtained for the 11 compounds (R test and R 2 test showed in table 5). The true predictive power of these models can be tested from their ability to predict perfectly the pIC 50 of compounds from an external test set. The activities of the remaining set of 11 compounds are deduced from the quantitative proposed models in training set. The observed and calculated pIC 50 values are given in table 6. These models were able to predict the activities of test set molecules in agreement with the experimentally determined value. The higher values of R A comparison of the quality of MLR and MNLR models shows that four approaches have the good predictive capability; which is sufficient to conclude the performance of these models and to establish a satisfactory relationship between selected descriptors and toxicity. Furthermore, the results obtained by MNLR are relatively better than those obtained by MLR, but the latter approach is more transparent and gives the most interpretable results and a good explanation of the descriptors associated with toxicities.
Multiple linear regressions MLR
3.6. Domain of applicability To estimate the reliability of any QSTR model and its ability to predict new compounds, the domain of applicability must be essentially defined [13] . The predicted compounds that fall within this domain may be considered as reliable. The applicability domain was discussed with the Williams graph in figures 4 and 5, which the standardized residuals and the leverage values (h i ) are plotted. It is based on the calculation of the leverage h i for each molecule, for which QSAR model is used to predict its toxicity: If the leverage value h of molecule is higher than the critical value (h * ) i.e., h > h * , the prediction of the compound can be considered as not reliable. From figure 4, five compounds are identified as outliers and one compound among five outliers is considered as outside for the descendant MLR model, which represents 6.49% of the total of studied compounds. Therefore, the predicted toxicity by the developed MLR model is reliable. The Williams plot for the stepwise MLR model is shown in figure 5 . From this plot, the leverage values (h i ) of any compound in the training and test sets are less than the critical value (h * = 0.136) excepting the compounds 40 and 54. Also, the standardized residuals of all compounds in the training and test sets are less than three standard deviation units (±3σ). Therefore, the predicted toxicity by the developed stepwise MLR model is reliable.
3.7. Proposed novel compounds Consequently, with MLR descendant and MLR stepwise approach, we can design new compounds with different and improved values of toxicity than the studied compounds. Taking into account the above results, we added suitable substitutions and then calculated the toxicities of the new compounds using the proposed model in equations 1 and 2. The leviers h of new compounds X 1 , X 6 , X 9 and X 10 for the stepwise model and descendant model are defined as outliers, because they have a higher leverage which is greater than h * ( 0.272 for descendant model and 0.136 for the stepwise model). We can suggest for the six remaining are regarded reliable compounds for design new compounds with different and improved values of toxicity than the studied compounds. 
Conclusion
In this study two different modeling methods, multiple linear regression (MLR) and multiple non linear regression (MNLR), were used for predicting the toxicity of aromatic aldehydes to Tetrahymena pyriformis. The accuracy and predictability of the proposed models were proven by the comparison of key statistical terms of models. The good results obtained with the internal and external validations show that the proposed models in this paper are able to predict activities with a great performance and that the selected descriptors are pertinent. The applicability domains (AD) of the MLR models were defined. The resulting models have shown that we have established a relationship between some descriptors and the activities in satisfactory manners. The MNLR results have substantially better predictive capability than the MLR results, but the latter gives the most important interpretable results. The selected descriptors in the QSAR models can illustrate the contributing electronic and steric properties that are responsible for the toxicity of aromatic aldehydes to Tetrahymena pyriformis. By interpreting the molecular descriptors for the stepwise MLR model, we conclude that the increase octanol/water partition coefficient (log P) and γ as well are responsible for the greater activity of the studied compounds, presence of electronegative substituents (like O, N, F, Br, Cl), lipophilic substituents, e.g., chlorine. The aldehydic oxygen was also important for toxicity. Finally, the accuracy and predictability of the proposed models were illustrated by comparing key statistical indicators such as shown in table 6, the models reported here may be used more conveniently than the previously reported models, with better confidence of prediction accuracy.
